Abstract. The study was conducted in Poland at six selected wastewater treatment plants (WWTP) based on the trickling filters Bioclere ® technology. The aim of the study was to find the relationship between the influent organic nitrogen concentration and the purification efficiency expressed as effluent COD concentration. In the tests performed, the COD to BOD 5 relationship was close to 2 and the ratio of BOD 5 to TN was lower than 4. The research indicated that this specific chemical composition of raw wastewater causes appearance of filamentous bacteria on the surface of trickling filter filling and strongly affect the effluent quality.
Introduction
In Poland, the trickling filter technologies are widely used for the treatment of domestic sewage in non-urbanized areas. One of the example of this technology are Bioclere ® trickling filters. The main advantages of these devices are the high resistance to biomass wash-out and easy operation under variable wastewater flow-rates. In the trickling filters, the biomass forming the biofilm develops as a result of the scattering of wastewater over the surface of the filling and consists of different microbial species. The species distribution of the biofilm depends primarily on the influent wastewater characteristics. Especially, when the ratio of COD to BOD is greater than 2, undesirable microorganisms grow, such as filamentous bacteria, resulting in deterioration of the effluent quality. When operating trickling filters, as well as in other facilities of this type, little attention is paid to nitrogen compounds, mainly because it is not stablished as one of the main effluent characteristic required to discharge the effluent into the receiving water body. Preliminary studies and observations indicate that the concentration of organic nitrogen, including urea (carbonic acid diamide), has a significant impact on the performance of the trickling filters. The occurrence of very high loading rates of organic nitrogen into the biological treatment could be explained due to the continuous water-saving by the people using the sewage system [1] .
In this context, the aim of the study was to study the relationship between the influent organic nitrogen concentration and the purification efficiency.
Bioclere (Fig. 1b) . 
Material and methods
The study was conducted in Poland at six selected wastewater treatment plants (WWTP) based on the trickling filters Bioclere ® technology. The research was conducted in the villages of Kwitajny, Protowo (Warmia and Mazury District), Pronie, Gisiel (Pomeranian District), Rządza and Gąsiorowo (Masovian District) for 6 months, from November 2016 to April 2017. The WWTP were configured as two-stage units, with and without secondary sedimentation tank (Tab. 1). Every installation is assigned for service small number of inhabitants (from 75 to 210 people). The sewage treatment facilities were characterized by similar capacities and were located in non-urbanized areas. Only wastewater from dwellings and households came to these WWTPs. Discharges of other sewage than household were excluded. BOD, COD, ammonia, organic nitrogen (as a measure of urea concentration) and pH were determined in raw wastewater. Standard methods were used according to [4] . In order to calculate the effectiveness of the purification process for each WWTP, the effluent COD concentration was determined. 12 measurement series were carried out (two per month), and the average concentration values were used for further calculations. Results and discussion Table 2 shows the wastewater characteristics studied in this work. It can be seen that the chemical composition of raw sewage is not the conventional one. As can be seen in Table  2 , the concentration of Kjeldahl nitrogen was too high in all trickling filters to allow its complete removal and therefore to reach a good effluent quality. In all the tests performed, the COD to BOD 5 relationship was close to 2 ( Fig. 2) , which indicates that the wastewater fed to the trickling filters was hardly biodegradable [5] . The ratio of BOD 5 to TN was much lower than 4 as shown in Figure 3 .
Additional, it must be highlighted that the concentrations of organic nitrogen had a significant effect on the effluent COD concentration. WWTP presenting organic nitrogen concentrations above 20 mg/l at the beginning of the biological treatment were characterized by a nearly doubled COD effluent concentration (Fig. 4) . These results indicated that the influent nitrogen concentration clearly influence the effluent quality.
The combination of the low biodegradability and the high concentration of nitrogen compounds leads to changes in the appearance of the biofilm and reduce the quality of the effluent obtained [6] . This chemical composition of raw wastewater causes appearance of filamentous bacteria on the surface of trickling filter filling ( Fig. 5a and 5b) . Specific chemical composition is the main factor affecting the occurrence of filamentous bacteria [7] . The investigated research show that the influent sewage contains hardly biodegradable and toxic to most bacteria and protozoa forms of nitrogen. According to the latest sources,
